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Abstract 
 
Harvester bin dynamic weighing systems are affected by a number of sources of variation such 
as field slopes and load displacement. In grape harvesters, the nature of the material (wine 
grapes and wine grape juice) and its relative composition can vary significantly. Laboratory 
tests were carried out using hydrogel spheres and water to simulate field dynamic conditions 
during harvest. This paper quantifies the sources of variation, submitting an instrumented 
grape harvester to graduated inclination under shaking conditions. Load displacement is 
characterized using image analysis from recorded movies on four different pitch axis motions 
of the machine: front to horizontal, horizontal to rear, rear to horizontal and horizontal to 
front. Differences in the displacement of the load in relation to the machine inclination and to 
the load composition have been addressed. 
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Introduction 
 
For the implementation of yield measurement in any crop, the ability to develop an accurate 
weighing system is one of the most important issues. As a first step, it is necessary to design 
the equipment and to select the sensors for data acquisition in each dedicated crop. Sensors to 
measure grain yield are the best known and have been developed using different measurement 
devices and data processing algorithms. At first, yield monitoring research was dedicated to 
combine harvesters (Reitz & Kutzbach, 1996), but current research into other crops is 
increasing (Magalhaes & Cerri, 2007, Baguena et al., 2009).  
 
Sensors used in grain crops are not always appropriate for other crops. In a previous study 
(Baguena et al., 2009), on-board dynamic weighing in a grape harvester was analysed. Two 
strain gauged load cells were installed under both bins, equipped with a rubber o-ring in 
between the cover plate to remove small vibrations by allowing small displacements between 
the different elements. Evaluation of the system in more than 80 vineyards showed that the 
weight error per field was less than 15% for yields below 10,000 kg and below 2% for yields 
with total weight above 20,000 kg. Analysing the data and the topography of the vineyard, it 
has been observed that the weight error was higher in vineyards with longitudinal or 
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transverse slope compared to flat ones. So, a first step towards further reduction of the error 
involves investigation of the effect of topography on the measured bin weight. In addition, it is 
important to consider that in some wine growing regions, such as the North of Spain, the load 
composition in the bin is basically grapes but in others regions, such as France, the load 
composition can be a mix of grapes and grape juice. Therefore, knowledge of the composition 
may help to analyse the weight error. 
 
Many applications using vision systems have been developed in agricultural sectors, such as 
aerial remote sensing (Godwin & Miller, 2003), precision agriculture (Reyns et al., 2002; 
Reyniers et al., 2004; Lee et al., 2010) or postharvest technologies (Brosnan & Sun, 2002; Ruiz-
Altisent et al., 2010). Vision systems allow size, shape, colour or texture of objects to be 
recognized and also provide numerical attributes of the objects. Therefore, this technique may 
be able to identify the material composition inside the grape harvester bins. 
 
Image segmentation is the process by which an image is segregated into a group of 
homogeneous regions based on particular characteristics (Gonzalez & Woods, 1992). This 
technique has long been used due to the development of MPEG-4 which allows content-based 
manipulation of multimedia data, requiring video sequences to be segmented into the correct 
set of regions (Meier & Ngan, 1998).  There are mainly four types of segmentation technique: 
thresholding, boundary-based, region-based and hybrid techniques (Zheng & Sun, 2008). The 
principle of thresholding-based segmentation is the selection of an optimal gray-level value for 
separating objects of interest in an image based on their gray-level distribution.  
 
The aim of this work was to analyse how terrain inclination could affect the bin weighing 
system. For this goal, video image analysis of load displacement in the bin has been done using 
thresholding segmentation, using several types of mixtures of grape modules and water. 
 
Materials and methods 
 
The grape harvester used for testing was a New Holland VL6080 equipped with a load cell, 
AEP C3S 2,500 Kg (AEP transducers, Italy) installed on the front support point of one of the 
bins, as reported in previous studies (Baguena et al., 2009). Dedicated electronics for the load 
cell were also installed, TA4/2 (AEP transducers, Italy). Load cell signal output was gathered 
with a Data Acquisition Card, NIDAQ 6024E (National Instruments, USA). A biaxial 
inclinometer, Turck BA25-Q20L60/S320/DE (Turck, Germany) was installed to measure the 
axis with special regard to transverse and longitudinal inclination of the machine. 
 
Laboratory tests were carried out in Belgium from February to April 2010. Red hydrogel 
spheres (crosslinkage of the hydrophilic polymer chains) were used to mimic grape behaviour, 
since this material has a consistency similar to that of grapes. The ratio force-deformation 
exerted with the finger (N/mm) is similar, as well as the apparent elastic modulus (Baguena et 
al., 2011).  
 
Tests were carried out locating the machine on the four-post shaker of the Division MeBioS at 
K.U. Leuven (Anthonis et al., 2006; Coen et al., 2010) for simulating the movement of the 
machine in the field. Previous experiments (unpublished results) reported that the frequency 
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of the movement of the grape harvester in the field was around 1.7 Hz. So, the frequency of the 
shaker for the experimental tests was fixed at 1.5 Hz (sinusoidal waveform), with 0.5 cm of 
amplitude in the vertical plane. 
 
As mentioned in the introduction, the composition of the load in the bin of the grape 
harvesters could change as a function of the vine-growing region. For this reason, it was 
decided to divide the work into two different tests, the first one only with red hydrogel spheres 
(around 75 kg) and the second one with spheres plus water (75 kg of spheres, 75 L of water). In 
the introduction, it has also been mentioned that load displacement could be more influenced 
by longitudinal inclination than by transverse inclination (for the latter, weight balance 
between left and right load cells will vary), so the tests were carried out under longitudinal 
inclination and vibration conditions. The data were gathered for four different pitch axis 
motions of the machine: a) front to horizontal, b) horizontal to rear, c) rear to horizontal and 
d) horizontal to front; and also with the machine under stationary conditions in the following 
three pitch axis motions of the machine: front, horizontal and rear. Videos were recorded 
from the top view of the machine during displacement, using a Canon video camera. Table 
1 summarizes the number of frames used for segmentation. 
 
 
Figure 1. Bin geometry with the location of the load cell and approximate centers of gravity 
depending on the composition of the load. 
 
Figure 1 shows bin geometry with the location of the load cell underneath, also approximate 
location of the centre of gravity depending on the composition of the load (spheres or spheres 
plus water) is shown. 
 
Data processing was divided into two different types of analysis. On the one hand, weight and 
inclination data were processed directly with Matlab for studying the direct relation among 
them during the movement, as well as when the machine was in a fixed position. On the other 
hand, RGB videos were also analysed with Matlab. For this work, the videos were loaded into 
Matlab as avi movies. Then images of the movies were saved in the three dimensional rgb 
colour space, where: r=R/(R+G+B); g=G/(R+G+B); and b=B/(R+G+B). As spheres were red, 
r values above 0.5 were selected. In Figure 2 the segmentation procedure is illustrated. 
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Table 1. Number of frames used for analysis. 
 
Material Machine displacement Number of frames 
Spheres Front to horizontal 2315 
Horizontal to rear 1818 
Rear to horizontal 2787 
Horizontal to front 2986 
Spheres + water Front to horizontal 1631 
Horizontal to rear 1205 
Rear to horizontal 1540 
Horizontal to front 2514 
       
 
Figure 2. a) video frame; b) segmentation of load as r>0.5 and object segmentation; c) centroid 
assessment, definition of quadrants A, B, C and D and red level of segmented objects; d) 
histograms for each quadrant. 
 
Due to the slope of the bin bottom (see Figure 1), the effect of the machine inclination on the 
load spreading during movement is higher. This has been used to extract information out of 
the videos about the load length. Once the segmented object with r > 0.5 was obtained for each 
video frame (Figure 2.b), the major axis and the centroid of the red objects were computed. 
The centroid allowed to divide the object into four quadrants (Figure 2.c) in order to discard 
a) b)  
c)  d)  
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shadowed areas. In the segmented red object, bottom  left and bottom right quadrants (C and 
D respectively) were used to address how the load changed when changing the pitch from 
front to rear, and vice versa.  Finally, Principal Components Analysis (PCA), on these 
quadrant histograms (C and D), was performed in the search of load movement under the 
surface (Figure 2. d). 
 
Results 
 
 
 
 
 
 
Figure 4. Variation of the component of the centre of gravity as a function of the inclination: a) 
horizontal position; b) inclination to the front; c) inclination to the rear. 
 
In Figure 3, the stationary load cell data are plotted against the longitudinal machine 
inclination. Each value corresponds to the mean of around 400 measurements (for each 
position). Positive values of inclination correspond to the machine inclined to the front and 
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Figure 3. Weight mean values for the four positions of the machine. 
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negative values to the machine shifted to the rear. Values around zero belong to the horizontal 
position of the machine. There are two values corresponding to horizontal since it refers to the 
initial and final values of displacement depending on itinerary. As mentioned above, the load 
introduced in the bin was 75 and 150 kg, though in Figure 3 the measured weight is higher, 
because the tare of the bin has not been removed. Figure 3 also shows two different series of 
data: the data gathered only with the spheres (S) in the bin and the data gathered with spheres 
plus water (S+W) in the bin. The S+W data fit better to a second order equation than the 
S data (R2=0.9986 and R2=0.9268 respectively). Figure 3 also shows the standard deviation 
(STD) for each value which lays respectively, for S and S+W, around ±2.8 kg and ±1.7 kg 
(dispersion bars); accordingly standard error (SE) amounts to around ±0.1623 kg and ±0.0894 
kg, for S and S+W respectively. Although the weight was kept constant during displacement 
for both groups of data, the weight assessed with the load cell changed with the position. It 
decreased by around 8% from horizontal to front position and around 21% from horizontal to 
rear position. The fact that the maximum weight corresponds to the horizontal position is due 
to the centre of gravity being best aligned with the load cell axis. When the machine is 
inclined, to front or to rear, the weight component that acts on the load cell will be reduced 
according to the cosine of the longitudinal inclination (see Figure 4). The maximum points of 
the fitted curves correspond to 4.484º for S and to 3.783º for S+W. This can be interpreted as 
the centre of gravity having a lateral displacement due to the bin being filled such that the 
centre of gravity is not perfectly aligned with the load cell axis in the horizontal position. The 
maximum weight as assessed by the load cell would correspond to the angle for which such 
alignment occurs. Dashed lines in figure 3 show the effect of the machine inclination on the 
load cell signal assuming a stationary load in the bin. The weight differences as a function of 
the inclination of the machine under static conditions being higher than the cosine effect 
suggest a displacement of the load. Therefore, the videos of the load recorded during the 
machine movement from one position to another were processed to detect and quantify the 
potential load movement. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 5. Load length in the bin during the movement of the machine to different positions for 
spheres (top) and spheres plus water (bottom). 
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Figure 5 shows the relation between the inclination of the machine and the change in load 
length in the bin as a function of surface movement. When the machine moves to the front, 
length decreases while increasing when moving towards the rear. Figure 5 also shows that the 
load displacement of S is less likely to occur until an inclination threshold is reached while that 
of S+W is significant and rather constant, also oscillating due to vibrations of the machine that 
affect more pronouncedly the liquid phase compared to the solid one. The area in-between the 
curves indicates a hysteresis in the movement of the load not being exactly reproducible when 
moving from the front to the rear or from the rear to the front. 
 
The next step was to perform a PCA for the two groups of data considering the histograms of 
C and D quadrants, none of them affected by shadows. The first three principal components 
(PC) explain 81% of the variance in the histograms and can be related to the type of material: S 
or S+W (Figure 6), while PC4 and PC5 seem to be more related to the displacement itself and 
the interaction between material and displacement.  
 
Figure 7 shows the scores plot of PC4 versus PC5 for S and S+W, accounting for 7.52% of the 
variance in the histograms. It can be observed that the histograms for group S+W are more 
variable, change non-linearly and have maximum dispersion in the movements from 
horizontal to front and to rear. The changes that correspond to spheres (S) were found to be 
more linear and orthogonal to those for S+W due to the different effects of the movement on 
the histograms for front and rear. That is to say a significant difference in load density occurs 
inside the bin. 
 
Figure 6. PCA for PC1 and PC2 for the groups of data: spheres + water and spheres. 
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Figure 7. PCA for PC4 and PC5 for the groups of data: spheres + water and spheres. 
 
Polygons enfolding the two data sets (S versus S+W) have also been added in Figure 6. Their 
area represents the relevance of the density change inside the bin (histogram change) during 
movements. The direction of the polygon points out whether these changes in the material 
density are similar or different among types of materials. The differential behavior of load 
according to its nature  (S vs. S+W: more or less liquid and grains) remarks upon the difficulty 
of achieving an optimal correction of weight assessment according to longitudinal 
displacement. Moreover, bin level might have an effect on load displacement due to the 
irregular shape of the bin. 
 
In relation to the contribution of the histogram to the information represented by PC4 and 
PC5, the corresponding PC loading plots are shown in Figure 8. It can be seen that density 
changes in the front part of the bin are much more relevant than those towards the rear of the 
bin. This is consistent with the fact that load depth greatly (higher in the front) affects the 
information within the histogram which is not accounted by the change in load length (major 
axis of load, shown in Figure 5). 
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Figure 8. Histograms for PC4 and PC5, with higher changes in density for the front and lower 
changes in density for the rear. 
 
Conclusions 
 
The paper describes an approach to assessing the sources of variation acting on a dynamic bin 
weighing system for a grape harvester working under different inclinations and varying 
composition of the load (spheres and liquid). It has been shown that having the same weight in 
the bin and changing the inclination, the signal in the load cell changes with some predictable 
causes such as the variation in the weight component acting in the load cell axis and centre of 
gravity. Furthermore, the movement of the load in the bin depends upon the nature of the 
harvested material. When the load is composed of solid material alone the displacement is less 
likely to occur when a certain longitudinal inclination threshold (±4º) is not exceeded. 
However, when it is composed of solid and liquid material the displacement is more constant 
with respect to the inclination and the oscillation due to vibrations. It has been shown that the 
use of video recording and image analysis allows a detailed assessment of load displacement 
during longitudinal machine pitch movements: front to rear or vice versa. The video data 
integrated with load cell data to produce an improved weighing system has not been seen for 
practical field use. At the current stage, it is only a matter of fundamental knowledge in order 
to see if further load cell development underneath the bin is useful and can be deployed for 
commercial purposes. 
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